Background: The efficacy of chemotherapy in patients with large cell neuroendocrine carcinoma of the lung (LCNEC) remains unclear. Methods: Of 42 consecutive patients with LCNEC, 22 with measurable disease receiving chemotherapy were enrolled as the subjects of this study. The clinical characteristics and objective responses to chemotherapy in these patients were analysed retrospectively. Results: The distribution of the disease stage in the patients consisting of 21 males and one female (median age: 67 years; range: 47 -78 years) was as follows: stage IIB (n ¼ 1), stage IIIA (n ¼ 1), stage IIIB (n ¼ 5), stage IV (n ¼ 8), and post-operative recurrence (n ¼ 7). Chemotherapy consisted of cisplatin and irinotecan (n ¼ 9), a platinum agent and paclitaxel (n ¼ 6), paclitaxel alone (n ¼ 1), cisplatin and vinorelbine (n ¼ 1), cisplatin and docetaxel (n ¼ 1), and a platinum and etoposide (n ¼ 4). The objective response rate in the 22 patients was 59.1% (95% CI, 38.1 -80.1). An objective response was obtained in five of the nine patients receiving irinotecan and five of the seven patients receiving paclitaxel. The progressionfree survival, median overall survival and 1-year survival rates were 4.1 months (95% CI, 3.1 -5.1), 10.3 months (95% CI, 5.8 -14.8) and 43.0% (95% CI, 20.7 -65.3), respectively. The median overall survival of the patients treated with irinotecan or paclitaxel was 10.3 months (95% CI, 0 -21.8), and the 1-year survival rate of these patients was 47.6% (95% CI, 20.4 -74.8). Conclusion: Our results suggest that irinotecan and paclitaxel may be active against LCNEC.
INTRODUCTION
Neuroendocrine tumors of the lung can be placed in the biological spectrum ranging from typical to atypical carcinoid, which are tumors of low to intermediate grade malignancy, to large cell neuroendocrine carcinomas (LCNEC) and small-cell lung carcinomas (SCLC), which are high-grade malignant tumors. LCNEC was proposed as a separate category by Travis et al. in 1991 , who recognized a type of poorly differentiated high-grade carcinoma exhibiting features of neuroendocrine appearance on light microscopy, immunohistochemistry, and/or electron microscopy (1).
Several different terminologies and classifications have been proposed to date, and this class of tumors is likely to become widely recognized and included in the updated histological classification of the World Health Organization (2) .
The clinical features of LCNEC have not yet been completely clarified. The prognosis of patients with surgically resected LCNEC is intermediate between that of an atypical carcinoid and SCLC, and is the same as that of resected non-small-cell lung carcinoma (NSCLC), except for stage I LCNEC, which has a poorer prognosis than that of stage I NSCLC (3 -6) . In a multi-institutional study in Japan, it was found that both LCNEC and SCLC were similarly aggressive and that there was no survival difference between the two types of lung cancer (7) . In a small case series of LCNEC, we reviewed the records of patients with surgically resected, and patients treated medically who were autopsied before 1995, and determined that the chemosensitivity of LCNEC to cisplatin-based regimens may be intermediate between that of NSCLC and SCLC (8) . Third generation cytotoxic agents developed in the 1990s, such as paclitaxel, docetaxel, gemcitabine, vinorelbine and irinotecan, have been shown to be active agents against advanced lung cancer, and combinations of platinum and one of the third generation cytotoxic agents have been shown to be superior in terms of prolonging the survival to the existing platinum-based combinations in both patients with NSCLC and those with SCLC (9 -14) . In the present study, we conducted a retrospective review of the records of our patients with LCNEC who had been treated with chemotherapy, and analysed the efficacy of the chemotherapy regimens.
PATIENTS AND METHODS
From April 1999 to January 2006, 42 patients were diagnosed as having LCNEC at our institution. Of these, one patient underwent surgery, four were treated with radiation therapy alone, and three received only supportive care. Of the 34 patients who had received chemotherapy, four who had also received concurrent radiotherapy and two without evaluable lesions were excluded from this study. In addition, six patients who entered a phase II trial of cisplatin and irinotecan combination for LCNEC were also excluded from this study, because their results will be published elsewhere. Thus, 22 patients were finally enrolled as the subjects of this study.
The histological confirmation of the diagnosis of LCNEC in the medically treated patients was based on examination of biopsy and/or cytology specimens. The histological or cytological diagnosis was reviewed by one of the authors (K.T.). We classified LCNEC according to the histopathological criteria proposed in the WHO classification. Immunohistochemical analysis was performed to confirm the neuroendocrine differentiation of the tumor cells (2) .
Clinical information about the cases was obtained from medical records. All patients underwent a chest and abdominal computed tomography, a head computed tomography or magnetic resonance imaging and a bone scintigraphy in clinical disease staging before chemotherapy. The clinical disease staging was reassessed according to the latest International Union Against Cancer (UICC) staging criteria (15) . The response to chemotherapy and the survival were assessed retrospectively. The objective tumor response was evaluated according to the Response Evaluation Criteria in Solid Tumor guidelines (16) . The survival distributions for overall survival (OS) and progression-free survival (PFS) were estimated according to the Kaplan -Meier method (17) . The OS was measured from the date of start of chemotherapy to the date of death or the last follow-up. For PFS, documented disease recurrence was scored as an event. All analyses were performed using the SPSS statistical software (SPSS version 11.0 for Windows; SPSS Inc, Chicago, IL).
RESULTS
The clinical characteristics of the 22 patients are summarized in Table 1 . Surgical resected primary tumor, incisional biopsy of metastatic lesion, exploratatory thoracotomy, transbronchial or percutaneous biopsy and cytological examination were positive in seven, five, two, six and two patients, respectively. Thus, the histological diagnosis was made based on examination of a large tumor sample in 14 (63.6%) of the 22 patients. The marked predominance of men and smokers in this study was consistent with the demographic features of our previous LCNEC studies (6 -8) . One patient with stage IIB received chemotherapy and was enrolled to this study, because surgical resection and definitive radiotherapy were not indicated in this patient because of his poor pulmonary function. Abnormally high serum levels of CEA, NSE and proGRP at the start of chemotherapy were found in 52.4% (11/21), 72.7% (16/22) and 52.4% (11/21) of the patients, respectively. , days 1-3) (n ¼ 1). The median number of chemotherapy cycles was three (range, 1 -5). One complete response and 12 partial responses were noted in the 22 patients, yielding an overall response rate of 59.1% (95% CI, 38.1 -80.1) ( Table 2 ). An objective response was obtained in five of the nine patients (55.6%) receiving irinotecan and five of the seven patients (71.4%) receiving paclitaxel. The toxicities related to these treatments were, in general, acceptable. Two patients received gefitinib after failure of the first-line chemotherapy, but none of them achieved an objective response. The overall PFS, median OS and 1-year survival rate of all the patients were 4.1 months (95% CI, 3.1 -5.1), 10.3 months (95% CI, 5.8 -14.8) and 43.3% (95% CI, 21.0 -65.6), respectively (Fig. 1) . The median OS of the patients treated with irinotecan or paclitaxel was 10.3 months (95% CI, 0 -21.8), and the 1-year survival rate of these patients was 47.6% (95% CI, 20.4 -74.8).
DISCUSSION
In this study, the histological diagnosis of LCNEC was based on examination of a large tumor sample in 14 (63.6%) of the 22 patients, based on biopsies or cytological specimens in the remaining patients (36.4%). Numerous studies have demonstrated that the diagnosis of LCNEC is possible from biopsies or cytological specimens if a sufficient number of tumor cells can be obtained (8,18 -21) . To establish the pathological diagnosis of LCNEC in this series, we performed a pathological review of the biopsy and cytology specimens, because it was difficult to obtain large specimens of the tumor in these patients with advanced cancer treated medically.
We previously reported a response rate of 64% in 14 chemo-naïve patients with LCNEC who received cisplatin plus mitomycin, vindesine, or etoposide (8) . In that study, however, patients with a diagnosis of poorly differentiated adenocarcinoma, poorly differentiated squamous cell carcinoma, large cell carcinoma and small cell carcinoma were selected, and then a diagnosis of LCNEC was made retrospectively by reviewing autopsy or surgically resected specimens. Thus, they were not consecutive, but highly selected patients. This explains, at least partly, the high response rate in the previous study. On the other hand, in the current study we analysed consecutive patients with a diagnosis of LCNEC that is established before treatment.
Rossi et al. showed that objective responses were observed in six (50%) of 12 patients with metastatic LCNEC who received a platinum and etoposide regimen, while no response was obtained in 15 patients receiving regimens for NSCLC treatment (cisplatin and gemcitabine in 10 patients, gemcitabine alone in two patients, and carboplatin and paclitaxel in three patients) (22) . In addition, the patients receiving the platinum and etoposide regimen had a significantly better survival than the patients who received the other regimens (median survival time, 51 months versus 21 months). These survival data, however, sound too good for lung cancer patients with a metastatic disease. Neither patient characteristics nor explanation for 
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Chemotherapy for LCNEC such a long survival was presented in this report (22) . Another case series of LCNEC showed that three patients with a stage IV disease received platinum-based chemotherapy (cisplatin and etoposide, carboplatin and gemcitabine, and cisplatin, docetaxel and gemcitabine) but none of them achieved an objective response. Of five patients who received gefitinib as salvage therapy, one achieved a partial response (23) . In this study, the clinical response rates of LCNEC to chemotherapy regimens containing irinotecan or paclitaxel were as high as 70%. The published response rates of NSCLC and SCLC to these regimens are 30 -33% and 68 -84%, respectively (10 -14) . The PFS of 4.1 months and median OS of 10.3 months were comparable to the results of previous randomized phase III trials that have reported PFS values of 4.1 -6.9 months and median OS values of 9.3 -12.8 months in extensive-stage disease SCLC (14) . Thus, the response rate and survival of LCNEC were comparable with those of SCLC. Although our retrospective review of clinical data revealed heterogeneous approaches in treatment regimens, our results suggested that irinotecan and paclitaxel may be active agents against LCNEC. LCNEC exhibit both features of NSCLC and SCLC in terms of the morphology and immnohistochemistry, and these anti-cancer agents are effective against both of these types of lung cancer. Considered together, the combinations of cisplatin and irinotecan, and carboplatin and paclitaxel may be promising regimens for LCNEC.
To evaluate the efficacy of irinotecan-or paclitaxel-based combined chemotherapy for LCNEC, it is necessary to perform prospective phase II trials. However, such trials for LCNEC may be difficult to perform for the following reasons. First, patient accrual is problematic because LCNEC is a relatively rare tumor and accounts for only about 3% of lung cancer patients treated by surgical resection (6) . It took us 7 years to accumulate 22 patients with LCNEC treated with chemotherapy. Besides, some studies have revealed the efficacy of adjuvant chemotherapy for both SCLC and NSCLC (24 -26). Thus, when patients treated with platinum-based adjuvant chemotherapy regimens are excluded, few subjects with LCNEC with the diagnosis confirmed based on examination of large tumor specimens may remain. Therefore, these trials may only be possible as multi-institutional studies. Second, because it can sometimes be difficult to define the histology of LCNEC without examination of specimens large enough to appreciate the histological architecture and obtain reproducibility, pathological review by experts panel would be needed in these trials.
In conclusion, our results showed that irinotecan-or paclitaxel-based regimens may be as active against LCNEC as that against SCLC. A phase II multiinstitutional trial is under way in Japan to elucidate the efficacy of cisplatin-and irinotecan-based therapy regimens against LCNEC.
